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(57) ABSTRACT 

The present invention relates to a tuneable add/drop demul 
tiplexer. The add/drop multiplexer includes at least one N><N 
MMI-Waveguide (10), Where N23, at least N-number of 
Michelson Waveguides (31, 32, 33 and 34), at least one 
Bragg grating (62, 64 and 66) per Michelson Waveguide (31, 
32, 33 and 34) and at least one phase control element (51, 53, 
55 and 57) in at least N—1 number of Michelson Waveguides 
(31, 32, 33 and 34). The Michelson Waveguides (31, 32, 33 
and 34) include said phase control elements (51, 53, 55 and 
57) and said Bragg gratings (62, 64 and 66) and are coupled 
to at least one MMI-Waveguide (10). Each Michelson 
Waveguide (31, 32, 33 and 34) can be provided With a 
broadband re?ection section (70). The invention also relates 
to a method for tuneable add/drop multiplexing, the use of 
a Wavelength selective sWitch as a tuneable add/drop mul 
tiplexer and the use of a tuneable add/drop multiplexer as a 
Wavelength selective sWitch. 

34 Claims, 11 Drawing Sheets 
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TUNEABLE ADD/DROP MULTIPLEXER 

FIELD OF INVENTION 

The present invention relates to a method, an arrangement 
and the use of an arrangement for tuneable add/drop mul 
tiplexing and for Wavelength selective switching. 

BACKGROUND OF THE INVENTION 

There are known to the art a number of different methods 
for further enhancing the capacity of an optical transmission 
line (point-to-point connection) or in an optical netWork 
(multipoint-to-multipoint connection). One method involves 
the use of a so-called Wavelength division multiplexing 
(WDM) technique for improving the extent to Which avail 
able bandWidths are utilised on an optical ?bre in the optical 
network, Where the information is multiplexed With the aid 
of an optical Wavelength multiplexer. The Wavelength can 
also be used as an information address in an optical netWork. 
Enhancement of the ?exibility of the netWork necessitates 
the presence of devices that are able to reroute traf?c in the 
optical netWork. Such traf?c rerouting devices, or 
arrangements, are also suitable for using the netWork in the 
most effective manner possible, and in the case of a netWork 
crash or gilch. 

In the case of bus and ring netWorks for instance, add/drop 
multiplexers are central to effective communication With the 
netWork. It is important that the add/drop multiplexer can be 
tuned (change add/drop Wavelength), When a node Wishes to 
change communication channels. SWedish Patent Applica 
tion SE 9700865-0 describes a Wavelength selective 1-N 
sWitch and multi-add/drop With ?xed add/drop Wavelength 
channels. 

This SWedish patent application also describes an 
arrangement Which does not provide tuneable (selectable) 
add/drop multiplexing. 

SUMMARY OF THE INVENTION 

A number of different, knoWn methods can be used to 
enhance the capacity of an optical transmission system. 

In Wavelength multiplexing, for instance, transmission 
channels are respectively multiplexed and demultiplexed to 
and from an information ?oW on different carrier Wave 
lengths. This multiplexing and demultiplexing process 
requires the presence of optical Wavelength selective 
devices. In bus and ring netWorks for instance, add/drop 
multiplexers are central to effective communication With the 
netWork. If a node Wishes to change a communication 
channel, it is important to be able to tune the add/drop 
multiplexer (change add/drop Wavelength). 

One problem in this regard is that a knoWn tuneable 
add/drop multiplexer may be consistent With high channel 
dependent losses, crosstalk problems, and a high price. 

The present invention addresses the aforesaid problem 
With a tuneable add/drop multiplexer that includes at least 
one MMI-Waveguide, at least N-number of Michelson 
Waveguides, Where N24, at least one Bragg grating for each 
Michelson Waveguide, and at least one phase control ele 
ment in at least N-l number of Michelson Waveguides. The 
Michelson Waveguides include said phase control elements 
and said Bragg gratings and are arranged for at least one 
MMI-Waveguide. Each Michelson Waveguide can be pro 
vided With a broadband re?ection grating. 

In a preferred embodiment, the broadband re?ection grat 
ings are arranged at the end of each Michelson Waveguide. 

In another embodiment of the inventive tuneable add/drop 
multiplexer, there is included at least one MMI-Waveguide 
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2 
Which is provided on a ?rst side With at least four access 
Waveguides and on a second side With at least four Mich 
elson Waveguides, one N-channel (de)multiplexer for each 
said Michelson Waveguide, one re?ection section per Mich 
elson Waveguide, Wherein said re?ection section includes 
N-number of Michelson Waveguides for each said 
N-channel (de)multiplexer, Wherein each such Michelson 
Waveguide includes at least one Bragg grating, and Wherein 
at least N-number of Michelson Waveguides include at least 
one phase control element. 

In another embodiment, the inventive tuneable add/drop 
multiplexer includes at least tWo MMI-Waveguides, at least 
M-number of Michelson Waveguides per MMI-Waveguide, 
Where M23, at least one Bragg grating per Michelson 
Waveguide, and at least one phase control element in at least 
M-1 number of Michelson Waveguides per MMI 
Waveguide. The Michelson Waveguide includes said phase 
control element and said Bragg grating and is provided on a 
second side of the MMI-Waveguides. An access Waveguide 
provided on a ?rst side of a ?rst MMI-Waveguide and an 
access Waveguide provided on a ?rst side of a second 
MMI-Waveguide are mutually connected via a connection 
Waveguide. 

In a preferred embodiment of the aforesaid inventive, 
tuneable add/drop multiplexer, there is arranged an 1><N 
sWitch for each Michelson Waveguide in connection With the 
second side of the MMI-Waveguides, and a re?ection section 
that includes said Bragg grating and said phase control 
element is provided for each such sWitch. 
The MMI-Waveguides are preferably a 3x3 type 

Waveguide. The tuneable add/drop multiplexer may also 
include a broadband re?ection grating for each Michelson 
Waveguide. These gratings are preferably arranged at the end 
of each Michelson Waveguide. 

In a further embodiment of the inventive tuneable add/ 
drop multiplexer, said M-number of Michelson Waveguides, 
Where M23, are arranged betWeen a second side of the ?rst 
MMI-Waveguide and a second side of the second MMI 
Waveguide. Each Michelson Waveguide includes at least tWo 
Bragg gratings, and at least M-1 numbers of Michelson 
Waveguides include at least three phase control elements. 
The components thus function as an MMIMZI (Multi Mode 
Interference Mach-Zehnder Interferometer) for transmitted 
channels. 

According to yet another embodiment of the inventive 
add/drop multiplexer, the multiplexer includes a third and a 
fourth MMI-Waveguide. At least M-number of Michelson 
Waveguides, Where M23, are arranged betWeen the third 
and the fourth MMI-Waveguide. Each Michelson Waveguide 
includes at least tWo Bragg gratings, and at least M-1 
number of Michelson Waveguides include at least three 
phase control elements. An access Waveguide provided on 
the third or on the fourth MMI-Waveguide via a connecting 
Waveguide, and an access Waveguide provided on the third 
MMI-Waveguide is coupled to an access Waveguide on the 
fourth MMI-Waveguide via a connecting Waveguide. 
The third and the fourth MMI-Waveguides are preferably 

of the 3x3 type. 
The invention also relates to a ?rst method for add/drop 

multiplexing optical Waveguide channels in an optical net 
Work. Optical Wavelength channels are excited into an 
access Waveguide arranged on a ?rst side of an MMI 
Waveguide. No optical add-Wavelength channel or at least 
one optical add-Wavelength channel is excited into a second 
access Waveguide arranged on the ?rst side of the MMI 
Waveguide. The optical Wavelength channels, including the 
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add-Wavelength channel, are transmitted through said ?rst 
MMI-Waveguide and are imaged on at least one Michelson 
Waveguide arranged on the opposite side relative to said 
access Waveguide. The optical Wavelength channels, includ 
ing the add-Wavelength channel, are transmitted through the 
Michelson Waveguides. The phase of no optical Wavelength 
channel or at least one of the optical Wavelength channels is 
changed by any of the phase control elements in any of the 
Michelson Waveguides. 

At least one optical Wavelength channel is re?ected by a 
Bragg grating section arranged in the Michelson Waveguide. 
No or at least one Wavelength channel is dropped to a third 
access Waveguide arranged on the ?rst side of the MMI 
Waveguide. No or at least one Wavelength channel is trans 
rnitted out through a fourth access Waveguide arranged on 
the ?rst side of the MMI-Waveguide. 

Those Wavelength channels that have not been re?ected 
by a Bragg grating can be re?ected by a broadband re?ection 
grating arranged in each of the Michelson Waveguides. 

The invention also relates to a second method for tuneable 
add/drop multiplexing of optical Wavelength channels in an 
optical netWork. Optical Wavelength channels are excited 
into a ?rst access Waveguide arranged on a ?rst side of a ?rst 
MMI-Waveguide. The optical Wavelength channels are 
transmitted through said ?rst MMI-Waveguide and imaged 
on at least one Michelson Waveguide arranged on an oppo 
site side in relation to said access Waveguide. The optical 
Wavelength channels are transmitted through the Michelson 
Waveguides. The phase of none or at least one of the optical 
Wavelength channels is changed by any of the phase control 
elements arranged in each Michelson Waveguides. At least 
one optical Wavelength channel is re?ected by at least one 
Bragg grating section arranged in the Michelson 
Waveguides. None or at least one Wavelength channel is 
dropped to a second access Waveguide arranged on the ?rst 
side of the ?rst MMI-Waveguide. At least one Wavelength 
channel is transmitted out through a third access Waveguide 
arranged on the ?rst side of the ?rst MMI-Waveguide. Said 
Wavelength channel is transmitted through a connecting 
Waveguide arranged betWeen the ?rst and the second MMI 
Waveguide. Said Wavelength channel(s) is/are transmitted 
through said second MMI-Waveguide and imaged on at least 
one Michelson Waveguide arranged on the opposite side 
relative to said access Waveguide. 

The phase of no Wavelength channel or at least one optical 
Wavelength channel is changed by any phase control ele 
rnent arranged in any of the Michelson Waveguides. At least 
one optical Wavelength channel is re?ected by a Bragg 
grating section arranged in the Michelson Waveguides. None 
or at least one add-Wavelength channel is excited into a 
second access Waveguide arranged on the ?rst side of the 
second MMI-Waveguide. None or at least one Wavelength 
channel is transmitted out through a third access Waveguide 
arranged on the ?rst side of the second MMI-Waveguide. 

Those Wavelength channels that have not been re?ected 
by a Bragg grating can be re?ected by at least one broadband 
re?ection grating arranged in each Michelson Waveguide. 

The Wavelength channel or Wavelength channels that 
is/are transrnitted out through the third access Waveguide 
arranged on the ?rst side of the second MMI-Waveguide can 
be excited in via a connecting Waveguide in a ?rst access 
Waveguide arranged on a ?rst side of a third MMI 
Waveguide. The optical Wavelength channels are transmitted 
through said third MMI-Waveguide and imaged on at least 
one Michelson Waveguide arranged on an opposite side 
relative to said access Waveguide. The optical Wavelength 
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channels are transmitted through the Michelson Waveguides. 
The phase of at least one of the optical Wavelength channels 
is changed by a phase control element arranged in a Mich 
elson Waveguide. At least one optical Wavelength channel is 
re?ected by at least one Bragg grating section arranged in 
the Michelson Waveguides. No Wavelength channel or at 
least one Wavelength channel is dropped to a second access 
Waveguide arranged on the ?rst side of the third MMI 
Waveguide. At least one Wavelength channel is transmitted 
out through a third access Waveguide arranged on the ?rst 
side of the third MMI-Waveguide. Said Wavelength channel 
is transmitted through a connecting Waveguide arranged 
betWeen an access Waveguide on the third MMI-Waveguide 
and an access Waveguide arranged on the fourth MMI 
Waveguide. Said Wavelength channel is transmitted through 
said fourth MMI-Waveguide and imaged on at least one 
Michelson Waveguide arranged on an opposite side relative 
to said access Waveguide. The phase of no optical Wave 
length channel or at least one optical Wavelength channel is 
changed by any phase control element arranged in any of the 
Michelson Waveguides. At least one optical Wavelength 
channel is re?ected by at least one Bragg grating section 
arranged in the Michelson Waveguides. No add-Wavelength 
channel or at least one add-Wavelength channel is excited 
into a second access Waveguide arranged on the ?rst side of 
the fourth MMI-Waveguide. No Wavelength channel or at 
least one Wavelength channel is transmitted out through a 
third access Waveguide arranged on the ?rst side of the 
fourth MMI-Waveguide. 
The aforesaid MMI (Multi Mode Interference) structure is 

used for splitting and as a phase-dependent cornbiner of 
light. The intensity distribution of light at the inputs of an 
MMI structure is imaged on all outputs of the MMI 
structure, provided that its length has been correctly chosen. 
A more profound theory behind this is found in L. B. 
Soldano and E. C. M. Pennings, “Optical Multi Mode 
Interference Devices Based on Self Imaging: Principles and 
Application”, J. LightWave Technology, Vol. 13(4), pp. 
615—627, 1995. 
Bragg gratings are used to ?lter light. The grating alloWs 

light of certain Wavelengths to pass through While re?ecting 
light of other Wavelengths. Bragg gratings can be said to 
form some kind of Wavelength selective rnirror. A more 
basic theory can be read from Phase-shifted Fiber Gratings 
and their Application for Wavelength Dernultiplexing, IEEE 
Photon. Tech. Lett., Vol. 6(8), pp. 995—997, 1994. In, for 
instance, SiO2/Si, a periodic rnaterial index is created in the 
Waveguide, by illurninating said Waveguide periodically 
With UV light. 

The aforesaid phase control elements are required for 
certain sWitching functions and for correcting process 
irnperfections. Several types of phase control elements are 
knoWn. HoWever, a basic feature of these elements is that the 
optical Wavelength is in?uenced by an applied external 
signal (voltage, current, light or heat). Norrnally, there is 
used a so-called therrnooptical element, that is to say the 
refractive index and thereWith the Wavelength is in?uenced 
With the aid of heat (a temperature change results in a change 
of the refractive index. 
The invention also includes the use of a Wavelength 

selective sWitch and a tuneable add/drop rnultiplexer. The 
Wavelength selective sWitch includes at least one MMI 
Waveguide, at least four Mach-Zehnder Waveguides, at least 
one Bragg grating, and at least one phase control element 
With each Mach-Zehnder Waveguide. Where said Mach 
Zehnder Waveguide includes said phase control element and 
said Bragg grating and is provided for at least one MMI 
Waveguide. 
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The object of the present invention is to provide a 
tuneable add/drop multiplexer that can achieve loWer losses, 
channel-independent losses, and less crosstalk problems 
than are experienced With available, tuneable add/drop 
multiplexers, and also to obtain a Wavelength selective 
sWitch With dimensions M><N, Where M and N are positive 
integers. 

The invention Will noW be described in more detail With 
reference to preferred embodiments thereof and also With 
reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates one embodiment of an inventive tune 
able add/drop multiplexer. 

FIG. 2 illustrates another embodiment of an inventive 
tuneable add/drop multiplexer. 

FIG. 3 illustrates a further embodiment of an inventive, 
tuneable add/drop multiplexer. 

FIG. 4 illustrates still another embodiment of an 
inventive, tuneable add/drop multiplexer. 

FIG. 5 illustrates still another embodiment of an 
inventive, tuneable add/drop multiplexer, Which can be 
considered as a series-coupling (cascade coupling) of the 
con?guration according to FIG. 4. 

FIG. 6 illustrates another embodiment of an inventive, 
tuneable add/drop multiplexer. 

FIG. 7 illustrates an example of an 1><N sWitch that can be 
used in the inventive add/drop multiplexer according to FIG. 
6. 

FIG. 8 illustrates an embodiment of a re?ection section 
that can be used in the inventive add/drop multiplexer 
according to FIG. 6. 

FIG. 9 illustrates still another embodiment of an 
inventive, tuneable add/drop multiplexer or an embodiment 
of a Wavelength selective sWitch. 

FIG. 10 illustrates an example of an N-channel demulti 
plexer that can be used in the inventive add/drop multiplexer 
or the Wavelength selective sWitch according to FIG. 9. 

FIG. 11 illustrates an embodiment of a re?ection section 
that can be used in the inventive add/drop multiplexer or the 
Wavelength selective sWitch according to FIG. 9. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In FIG. 1 there is shoWn a tuneable add/drop multiplexer 
according to the invention. The support lines A—J illustrate 
sections that are used to describe the invention. In the case 
of the FIG. 1 embodiment, the tuneable add/drop multi 
plexer includes four access Waveguides 11, 12, 13, 14, one 
MMI-Waveguide 10, four phase control elements 51, 53, 55 
and 57 per Michelson Waveguide, three Bragg gratings 62, 
64 and 66 Michelson Waveguide, and one broadband re?ec 
tion gratings 70 per Michelson Waveguide. One of the 
Michelson Waveguides is able to manage Without a phase 
control element. The access Waveguides 11, 12, 13 and 14 
are arranged on a ?rst side of the MMI-Waveguide. The 
Michelson Waveguides are arranged on a second side of the 
MMI-Waveguide 10. Arranged in the Michelson Waveguides 
31, 32, 33 and 34 are said phase control elements 51, 53, 55 
and 57, the Bragg gratings 62, 64 and 66, and the broadband 
re?ection gratings 70. The broadband re?ection gratings 70 
have been placed at the end of the Michelson Waveguides 
31, 32, 33 and 34 in this embodiment. HoWever, these 
broadband re?ection gratings 70 may conceivably be 
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6 
arranged at the beginning of said Michelson Waveguides 31, 
32, 33 and 34. When the broadband re?ection gratings are 
arranged at the beginning of the Michelson Waveguides, 
their re?ection sections must be provided With openings 
(WindoWs) for those channels that shall later be handled by 
the Bragg gratings. An example of one such broadband 
re?ection grating provided With WindoWs is described in 
GP. AgraWal and S. Radic, Phase-shifted Fiber Gratings and 
their Application for Wavelength Demultiplexing, IEEE, 
Photon. Tech. Lett., Vol. 6(8), pp. 995—997, 1994. 
The tuneable add/drop multiplexer according to the FIG. 

1 embodiment is able to handle three different Wavelengths 
k1, k2 and k3 individually, i.e. each of these Wavelengths 
can be chosen to be excited out to one of the four access 
Waveguides 11, 12, 13 and 14 on the ?rst side of the 
MMI-Waveguide 10. Since this arrangement is primarily 
conceived for use as a tuneable add/drop multiplexer, only 
tWo of the four available access Waveguides 11, 12, 13 and 
14 Will be concerned, partly that Wavelength or those 
Wavelengths to be dropped and partly those Wavelengths or 
Wavelength that Will not be dropped. The Wavelength chan 
nels that have not been re?ected by a Bragg grating 62, 64 
or 66 can be re?ected by the broadband re?ection grating 70 
arranged at the end of the Michelson Waveguide 31, 32, 33 
and 34. Those Wavelengths that are re?ected by the broad 
band re?ection gratings 70 can be chosen to be dropped or 
not to be dropped With the aid of the phase control element 
57. 

Of course, the aforesaid tuneable add/drop multiplexer 
can be upgraded to include Q-number of Wavelength chan 
nels that can be handled individually, instead of solely three 
Wavelength channels k1, k2 and )»3 as in the aforesaid 
embodiment. HoWever, in order for the tuneable add/drop 
multiplexer to be able to handle Q-number of Wavelength 
channels independently of one another, it Will be necessary 
for said multiplexer to include Q><N-number of Bragg 
gratings, (N—1)XQ-number of phase control elements, 
N-number of access Waveguides arranged on the ?rst side of 
the MMI-Waveguide, and N-number of Michelson 
Waveguides arranged on the other side of said MMI 
Waveguide in respect of one N><N MMI-Waveguide. 
Assume that light is excited in at the access Waveguide 11 

belonging to the MMI-Waveguide 10 at section A. The 
length of the MMI-Waveguide 10 is selected so that 
N-number of images or reproductions of the light intensity 
from the access Waveguide 11 at section A is achieved in the 
MMI-Waveguide 10 along section B. Also assume that the 
structure and dimensions of the MMI-Waveguide 10 have 
been selected so that four images, i.e. N=4, of the original 
distribution in the access Waveguide 11 is achieved. Then, if 
the access Waveguides 11, 12, 13 and 14 have been arranged 
at the MMI-Waveguide 10 correctly, i.e. have been dimen 
sioned and positioned correctly, and if the cross-sectional 
dimensions and positions of the Michelson Waveguides 31, 
32, 33 and 34 have been chosen correctly, a large part of the 
energy in the images Will be coupled to the Michelson 
Waveguides 31, 32, 33 and 34. The maximum energy of 
these images is <1/N of the energy along section A if perfect 
uniformity is achieved, in this case <14 of the energy along 
section A. Deviation of this intensity distribution Will be 
very small if light is excited from one of the access 
Waveguides 12—14 along section A instead. 

Sections along the support lines D, F and H denote Bragg 
grating sections. The Bragg grating sections along respec 
tive support lines may be mutually identical, in Which case 
the grating sections Will re?ect respective Wavelengths along 
respective support lines for each of the Michelson 
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Waveguides 31, 32, 33 and 34. The Wavelengths that are 
re?ected by a Bragg grating return to the MMI-Waveguide 
10 With the phase relationship determined by the phase 
control elements 51, 53 and 55. 

For instance, assume that the Bragg gratings along section 
D re?ect a Wavelength X1 and that the Bragg gratings along 
section F re?ect a Wavelength k2. The phase control element 
51 along section C Will then determine Which access 
Waveguide 11—14 Will be the output port for Wavelength k1, 
and the phase control element 53 along section E Will 
determine Which access Waveguide 11—14 Will be the output 
port for Wavelength k2. The same applies along section G, 
i.e. respective phase control element 55 along said section 
Will determine Which of the access Waveguides 11—14 Will 
be the output port for the wavelength )»3 that has been 
re?ected by the Bragg gratings along section H. 

The phase relationship into the MMI-Waveguide 10 in the 
reverse direction can thus be chosen individually for each 
Wavelength. In other Words, each Wavelength channel can be 
given an outport independently of other Wavelength chan 
nels. This presumes, of course, that the phase control ele 
ment 53 along section E, for instance, can compensate for 
the phase control element 51 along section C, and that phase 
control element 55 along section G can compensate for the 
phase control elements 51 and 53 along section C and E 
respectively, and that phase control element 57 along section 
I can compensate for the phase control elements 51, 53 and 
55 along respective sections C, E and G. Generally speaking, 
each phase control element shall be able to compensate for 
those upstream phase control elements in the transmission 
paths of the channels along said Michelson Waveguide. 

The phase control element 51 along the line C Will, of 
course, also in?uence the Wavelength channels )»2 and k3. 
HoWever, this compensation can be easily controlled With 
the aid of softWare in accordance With theories that are Well 
knoWn to the person skilled in this art and that need not 
therefore be described in more detail in this document. If it 
is not desired to control this compensation With the aid of 
softWare, the phase control elements 51, 53, 55 and 57 can 
be successively extended from section C in a direction 
toWards section I in some suitable Way. 

The Wavelength channel or channels that has/have not 
been re?ected by a Bragg grating Will reach the broadband 
re?ection gratings 70. When the Michelson Waveguides 31, 
32, 33 and 34 have equivalent lengths, those Wavelength 
channels that are re?ected by the broadband re?ection 
gratings 70 Will be focused on the same access Waveguides 
arranged on the ?rst side of the MMI-Waveguide. 

FIG. 1 illustrates the principle according to Which Q+Y 
Wavelength channels are handled by a 4x4 MMI-Waveguide. 
Q channels can be dropped and/or added to a channel stream 
on Q+Y channels. The number of channels Q is restricted by 
the number of Bragg gratings and phase control elements. 
Those Wavelength channels Y that are not re?ected indi 
vidually are re?ected in the broadband re?ection section and 
controlled by forWardly lying phase control elements. Three 
Wavelength channels can be handled individually in the 
illustrated case, Whereas the remaining Wavelength channels 
cannot be controlled individually. Add and drop are both 
performed in the same structure in this case. The MMI 
structure functions as a splitter from above and doWn, 
according to FIG. 1, for both transmission channels and 
add-channels. The channels are then re?ected in respective 
Bragg grating sections. When the re?ected poWer again 
reaches the MMI structure, the relative phase distribution in 
the interface betWeen the Michelson Waveguides along 
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section B Will determine Where the poWer Will be focused 
along section A. TWo of the access Waveguides, for instance 
Waveguides 11 and 12, function as Wavelength channel 
inputs, Where one of said channels is intended for the 
add-Wavelength channel and the remaining tWo access 
Waveguides function as outputs for the Wavelength channels, 
Where one of said channels is intended for the drop 
Wavelength channel. 

FIG. 2 illustrates another embodiment of a tuneable 
add/drop multiplexer according to the invention. The sup 
port lines A-H shoW sections used to describe the invention. 
This embodiment includes tWo MMI-Waveguides 10 and 20, 
six Michelson Waveguides 31, 32, 33, 41, 42 and 43, six 
access Waveguides 11, 12, 13, 21, 22 and 23, a connecting 
Waveguide 5, an isolator 80, eighteen Bragg gratings 62, 63, 
64, 65, 66 and 67, and eighteen phase control elements 51, 
52, 53, 54, 55 and 56. Only tWelve phase control elements 
are required in principle, since one Michelson Waveguide 
per MMI-Waveguide may be Without a phase control ele 
ment. 

Three access Waveguides 11, 12 and 13 are arranged on 
the ?rst side of the MMI-Waveguide 10. The Michelson 
Waveguides 31, 32 and 33 are arranged on the opposite side 
relative to said access Waveguides 11, 12 and 13. Three 
Bragg gratings 63, 65 and 67 and three phase control 
elements 52, 54 and 56 are arranged on each of these 
Michelson Waveguides 31, 32 and 33. 

Three access Waveguides 21, 22 and 23 are arranged on 
the ?rst side of the MMI-Waveguide 20. The Michelson 
Waveguides 41, 42 and 43 are arranged on the opposite side 
in relation to said access Waveguides 21, 22 and 23. Three 
Bragg gratings 62, 64 and 66 and three phase control 
elements 51, 53 and 55 are arranged on each of these 
Michelson Waveguides 41, 42 and 43. 
The access Waveguide 13 arranged on the ?rst side of the 

?rst MMI-Waveguide 10 is coupled to the access Waveguide 
21 arranged on the ?rst side of the second MMI-Waveguide 
20, via a connecting Waveguide 5. This connecting 
Waveguide 5 is provided With an isolator 80. The tuneable 
add/drop multiplexer Will also function in the absence of the 
isolator 80. 
Assume that at least one Wavelength channel is sent into 

an access Waveguide 11 arranged on the MMI-Waveguide 
10. This Wavelength channel passes through the MMI 
Waveguide 10. The length and the structure of the MMI 
Waveguide is chosen so that N-number of images of the light 
intensity from the access Waveguide 11 at section A is 
reached in the MMI-Waveguide along section B. We assume 
in this case that the length and the structure have been 
chosen so as to obtain three images. If the access 
Waveguides 11, 12 and 13 have been arranged at the MMI 
Waveguide 10 correctly, ie have been positioned and 
dimensioned correctly, and if the cross-sectional dimensions 
and positioning of the Michelson Waveguides 31, 32 and 33 
have been chosen correctly, a large part of the energy in the 
images Will be coupled to the Michelson Waveguides 31, 32 
and 33. The maximum energy for these images is <1/N of 
the energy along section A When perfect uniformity is 
achieved, in this case thus <1/3 of the energy along section A. 
This intensity distribution Will deviate to a very small extent 
When light is instead excited from one of the access 
Waveguides 12 or 13 along section A. 

Sections along support lines D, F and H denote Bragg 
grating sections. The Bragg gratings 63, 65 and 67 along 
respective support lines may be mutually identical. When 
the Bragg gratings are identical, the grating sections Will 
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re?ect respective Wavelengths along respective support lines 
for each of the Michelson Waveguides 31, 32 and 33. 
Re?ected Wavelengths return to the MMI-Waveguide 10 
With the phase relationship determined by the phase control 
elements 52, 54 and 56 respectively. 

Assume, for instance, that the Bragg grating 63 along 
section D re?ects the Wavelength X1 and that the Bragg 
grating 65 along section F re?ects the Wavelength 22. The 
phase control element 52 along section C Will then deter 
mine Which of the access Waveguides 11—13 Will be the 
output port for the Wavelength k1, the phase control element 
54 along section E Will determine Which of the access 
Waveguides 11—13 Will be the output port for the Wavelength 
22. The same applies along section G, i.e. respective phase 
control elements 56 along said section Will determine Which 
of the access Waveguides 11—13 Will be the output port for 
the wavelength )»3 that has been re?ected by the Bragg 
grating 67 along section H. 

The phase relationship entering the MMI-Waveguide 10 in 
the reverse direction can thus be chosen individually for 
each Wavelength, ie each Wavelength channel can be given 
an output independent of other Wavelength channels. This 
naturally presumes that, e.g., the phase control element 54 
along section E can compensate for the phase control 
element 52 along section C, and that the phase control 
element 56 along section G can compensate for the phase 
control elements 52, 54 along respective sections C and E. 
In general, each phase control element shall be able to 
compensate for the upstream phase control elements in the 
channel transmission paths along the same Michelson 
Waveguide. Naturally, the phase control element 52 along 
the support line C Will also in?uence Wavelength channels 
22 and 23. 

This compensation, hoWever, can be easily controlled 
With the aid of softWare in accordance With theories that are 
Well knoWn to the person skilled in this art and that do not 
therefore need to be described in more detail here. If it is not 
desired to control said compensation With the aid of 
softWare, it is possible to eXtend the phase control elements 
52, 54 and 56 successively from section C in a direction 
toWards section G in some suitable Way. 

The Wavelength channel or channels not re?ected indi 
vidually by a Bragg grating Will be eXcited from respective 
Michelson Waveguides 31, 32 and 33. 

FIG. 2 illustrates the principle in Which Q Wavelength 
channels are handled by tWo 3x3 MMI-Waveguides. Three 
Wavelength channels can be handled individually in this 
embodiment. In this case, add and drop are performed in 
separate structures. The MMI structures function as a splitter 
from the bottom and upWards in accordance With FIG. 2, for 
both transmission channels and add-channels. The channels 
are then re?ected in respective Bragg grating sections. When 
the re?ected poWer again reaches the ?rst MMI structure 10 
or the second MMI structure 20, the relative phase distri 
bution in the interface betWeen respective Michelson 
Waveguides 31, 32, 33 and 41, 42 and 43 along section B 
Will determine Where the poWer shall be focused along 
section A for the ?rst MMI-Waveguide 10 and the second 
MMI-Waveguide 20 respectively. One of the access 
Waveguides, for instance Waveguide 11, functions as a 
Wavelength channel input While the tWo remaining access 
Waveguides function as Wavelength channel outputs, Where 
one of said channels is intended for none or at least one of 
the drop-Wavelength channels. Access Waveguide 13 is 
coupled to access Waveguide 21 via a connecting Waveguide 
5. 
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The Wavelength channel or channels that has or have not 

been dropped to the access Waveguide 12 is/are transmitted 
through said connecting Waveguide 5 to the second MMI 
Waveguide 20. These Wavelength channels pass through the 
MMI-Waveguide 20. The length and the structure of the 
MMI-Waveguide 20 are chosen so that N-number of images 
of the light intensity from the access Waveguide 21 at section 
AWill be achieved in the MMI-Waveguide along section B. 
It is assumed in this case that the length and the structure 
have been chosen so as to obtain three images. If the access 
Waveguides 21, 22 and 23 have been arranged correctly at 
the MMI-Waveguide 20, ie have been correctly dimen 
sioned and positioned, and if the cross-sectional dimensions 
and positions of the Michelson Waveguides 41, 42 and 43 
have been correctly chosen, a large part of the energy in the 
images Will be coupled to the Michelson Waveguides 41, 42 
and 43. The maXimum energy for these images is <1/N of 
the energy along section A When perfect uniformity is 
achieved, in this case thus <1/3 of the energy along section A. 
Deviation of this intensity distribution Will be very small 
When light eXits instead from one of the access Waveguides 
22 or 23 along section A. 

Sections along support lines D, F and H denote Bragg 
grating sections. The Bragg gratings 62, 64 and 66 along 
respective support lines may be mutually identical, in Which 
case the grating sections Will re?ect respective Wavelengths 
along respective support lines for each of the Michelson 
Waveguides 41, 42 and 43. Re?ected Wavelengths Will return 
to the MMI-Waveguide 20 With the phase relationship deter 
mined by the phase control elements 51, 53 and 55. 
Assume, for instance, that the Bragg gratings 62 along 

section D re?ect the Wavelength k1, and that the Bragg 
gratings 64 along section F re?ect the Wavelength 22. The 
phase control element 51 along section C Will then deter 
mine Which of the access Waveguides 21—23 Will be the 
output port for Wavelength X1, and the phase control element 
53 along section E Will determine Which of the access 
Waveguides 21—23 Will be the output port for the Wavelength 
22. The same applies along section G, i.e. respective phase 
control elements 55 along said section Will determine Which 
of the access Waveguides 21—23 shall be an output port for 
the Wavelength k3 re?ected by the Bragg gratings 66 along 
section H. In practice, this Will be either the access 
Waveguide 22 or the access Waveguide 23, since the access 
Waveguide 21 of this embodiment is intended for incoming 
Wavelength channels. 

The phase relationship entering the MMI-Waveguide 20 in 
the reverse direction can thus be selected individually for 
each Wavelength, that is to say each Wavelength channel can 
be given an output independent of other Wavelength chan 
nels. This naturally assumes that, for instance, the phase 
control element 53 along section E can compensate for the 
phase control element 51 along section C, and that the phase 
control element 55 along section G can compensate for the 
phase control elements 51 and 53 along respective sections 
C and E. In general, each phase control element shall be able 
to compensate for those control elements that are arranged 
upstream in the transmission paths of said channels along 
the same Michelson Waveguide. 
The phase control element 51 along the support line C 

Will, of course, also in?uence the Wavelength channels 22 
and 23. This compensation, hoWever, can be readily con 
trolled With the aid of softWare in accordance With theories 
that are Well knoWn to the person skilled in this art and that 
should not therefore need to be described in more detail 
here. When it is not desired to control said compensation 
With the aid of softWare, the phase control elements 51, 53 
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and 55 can be extended successively from section C in a 
direction towards section G in some suitable Way. 

The Wavelength channel or channels that is/are not 
re?ected by a Bragg grating Will be excited from respective 
Michelson Waveguides 41, 42 and 43. 

The isolator 80 is used to isolate the drop channel from the 
add channel. The invention illustrated in FIG. 2, hoWever, 
can function in the absence of an isolator 80. One type of 
isolator that can be used With the invention is described in 
Electronics Letters, Jun. 19, 1996, Vol. 22, No. 13, pp. 
711—713, “Single Mode optical Isolator at 1.3 pm using all 
?bre components”. 

FIG. 3 illustrates another embodiment of an inventive 
tuneable add/drop multiplexer. The support lines A—J shoW 
sections that are used to describe the invention. This 
embodiment includes tWo MMI-Waveguides 10 and 20, six 
Michelson Waveguides 31, 32, 33, 41, 42 and 43, six access 
Waveguides 11, 12, 13, 21, 22 and 23, a connecting 
Waveguide 5, an isolator 80, eighteen Bragg gratings 62, 63, 
64, 65, 66 and 67, tWenty-four phase control elements 51, 
52, 53, 54, 55, 56, 57 and 58, and six broadband re?ection 
gratings 70. In principle, sixteen phase control elements are 
suf?cient, since one Michelson Waveguide per MMI 
Waveguide can manage Without a phase control element. 

Three access Waveguides 11, 12 and 13 are arranged on 
the ?rst side of the MMI-Waveguide 10. Three Michelson 
Waveguides 31, 32 and 33 are arranged on the opposite side 
in relation to said access Waveguides 11, 12 and 13. Three 
Bragg gratings 63, 65 and 67, four phase control elements 
52, 54, 56 and 58, and one broadband re?ection grating 70 
are arranged on each of said Michelson Waveguides 31, 32 
and 33. 

Three access Waveguides 21, 22 and 23 are arranged on 
the ?rst side of the MMI-Waveguide 20, While three Mich 
elson Waveguides 41, 42 and 43 are arranged on the opposite 
side of said MMI-Waveguide 20 in relation to said access 
Waveguide 21, 22 and 23. Three Bragg gratings 62, 64 and 
66, four phase control elements 51, 53, 55 and 57, and one 
broadband re?ection grating 70 are arranged on each of said 
Michelson Waveguides 41, 42 and 43. 

The access Waveguide 13 arranged on the ?rst side of the 
?rst MMI-Waveguide 10 is coupled to the access Waveguide 
21 on the ?rst side of the second MMI-Waveguide 20 via a 
connecting Waveguide 5, said Waveguide 5 being provided 
With an isolator 80. 

Assume that at least one Wavelength channel is sent into 
an access Waveguide 11 arranged on the MMI-Waveguide 
10. This Wavelength channel passes through the MMI 
Waveguide. The length and the structure of the MMI 
Waveguide 10 is chosen so that N-number of images of the 
light intensity from the access Waveguide 11 at section A are 
obtained in the MMI-Waveguide 10 along section B. We 
assume in this case that the length and the structure have 
been chosen so that three images Will be obtained. If the 
access Waveguides 11, 12 and 13 have been correctly 
arranged at the MMI-Waveguide 10, i.e. have been correctly 
dimensioned and positioned, and if the cross-sectional 
dimensions and positioning of the Michelson Waveguides 
31, 32 and 33 have been chosen correctly, a large part of the 
energy in the images Will be coupled to the Michelson 
Waveguides 31, 32 and 33. The maximum energy for these 
images is <1/N of the energy along section A When perfect 
uniformity is obtained, in this case thus <1/3 of the energy 
along section A. Deviation in this intensity distribution Will 
be very small When light is excited instead from one of the 
access Waveguides 12 or 13 along section A. 
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Sections along support lines D, F and H denote Bragg 

grating sections. The Bragg gratings along respective sup 
port lines may be mutually identical, in Which case the 
grating sections Will re?ect respective Wavelengths along 
respective support lines for each of the Michelson 
Waveguides 31, 32 and 33. Re?ected Wavelengths return to 
the MMI-Waveguide 10 With the phase relationship deter 
mined by the phase control elements 52, 54 and 56. Wave 
lengths that have not been re?ected by a Bragg grating along 
the support lines D, F and H can be re?ected by the 
broadband re?ection gratings 70 along section J. The phase 
control element 58 determines on Which access Waveguide 
the Wavelengths that have been re?ected by the broadband 
re?ection grating Will be focused. Assume, for instance, that 
the Bragg gratings 63 along section D re?ect the Wavelength 
X1 and that the Bragg gratings 65 along section F re?ect the 
Wavelength k2. The phase control element 52 along section 
C Will then determine Which access Waveguide 11—13 Will 
be the output port for the Wavelength k1, and the phase 
control element 54 along section E Will determine Which 
access Waveguide 11—13 Will be the output port for the 
Wavelength k2. The same applies along section G, that is to 
say respective phase control element 56 along said section 
Will determine Which access Waveguide 11—13 shall be the 
output port for the Wavelength k3 that has been re?ected by 
the Bragg gratings 67 along section H. In the illustrated 
embodiment, this Will be either access Waveguide 12 or 
access Waveguide 13 in practice, since access Waveguide 11 
is intended for incoming Wavelength channels. 
The phase relationship Within the MMI-Waveguide 10 in 

the reverse direction can thus be chosen individually for 
each Wavelength, that is to say each Wavelength channel can 
be given an output independent of other Wavelength chan 
nels. Naturally, this assumes that, for instance, the phase 
control element 54 along section E can compensate for the 
phase control element 52 along section C, and that the phase 
control element 56 along section G can compensate for the 
phase control elements 52 and 54 along respective sections 
C and E. Generally, each phase control element shall be 
capable of compensating for upstream phase control ele 
ments in the transmission paths of said channels along the 
same Michelson Waveguide. 
The phase control element 52 along the support line C 

Will, of course, also in?uence the Wavelength channels )»2 
and k3. This compensation can, hoWever, be readily con 
trolled With softWare in accordance With theories Well 
knoWn to the person skilled in this art and should therefore 
not need to be described in more detail here. When it is 
desired not to control said compensation With the aid of 
softWare, the phase control elements 52, 54, 56 and 58 can 
be extended successively from section C toWards section G 
in some suitable manner. 

FIG. 3 illustrates the principle in Which Q+Y Wavelength 
channels are handled by tWo 3x3 MMI-Waveguides. Q 
channels can be dropped and/or added to a channel stream 
on Q+Y channels. The number of channels Q is restricted 
solely by the number of separate Bragg gratings and phase 
control elements. The Y Wavelength channels that are not 
re?ected individually are re?ected in the broadband re?ec 
tion section 70 and controlled by the forWardly lying phase 
control elements. The illustrated embodiment is able to 
handle individually three Wavelength channels. In this case, 
add and drop are performed in separate structures. The MMI 
structures 10 and 20 function as a splitter from beloW and 
upWards in accordance With FIG. 3, for both transmission 
channels and add-channels. The channels are then re?ected 
in respective Bragg grating sections. When the re?ected 
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power again reaches the ?rst MMI structure 10 and the 
second MMI structure 20 respectively, the relative phase 
distribution in the interface betWeen the Michelson 
Waveguides along section B Will determine Where the poWer 
Will be focused along section Afor the ?rst MMI-Waveguide 
10 and for the second MMI-Waveguide 20. One of the access 
Waveguides, for instance Waveguide 11, arranged on the 
MMI-Waveguide 10 Will function as a Wavelength channel 
input While the remaining tWo access Waveguides Will 
function as Wavelength channel outputs, Where one of these 
is intended for no or at least one drop-Wavelength channel. 
Access Waveguide 13 is coupled to access Waveguide 21 via 
a connecting Waveguide 5. 

The Wavelength channel or Wavelength channels that 
has/have not been dropped to the access Waveguide 12 is/ are 
transmitted through said connecting Waveguide 5 to the 
second MMI-Waveguide 20. Said Wavelength channel or 
channels passes/pass through the MMI-Waveguide 20. The 
length and the structure of the MMI-Waveguide are chosen 
so that N-number of images of the light intensity from the 
access Waveguide 21 at section A Will be obtained in the 
MMI-Waveguide along section B. We assume in this case 
that the length and the structure have been chosen so that 
three images are obtained. If the access Waveguides 21, 22 
and 23 have been correctly arranged at the MMI-Waveguide 
20, in other Words have been positioned correctly, and if the 
cross-sectional dimensions and positions of the Michelson 
Waveguides 41, 42 and 43 have been chosen correctly, a 
large part of the energy in the images Will be coupled to the 
Michelson Waveguides 41, 42 and 43. The maximum energy 
for these images is <1/N of the energy along sectionAWhen 
perfect uniformity is achieved, in this case thus <1/3 of the 
energy along section A. Deviation in this intensity distribu 
tion Will be very small When light is eXcited instead from 
either the access Waveguide 22 or the access Waveguide 23 
along section A. 

Sections along support lines D, F and H denote Bragg 
grating sections. The Bragg gratings along respective sup 
port lines can be mutually identical, in Which case they Will 
re?ect respective Wavelengths along respective support lines 
for each of the Michelson Waveguides 41, 42 and 43. 
Re?ected Wavelengths return to the MMI-Waveguide 20 
With the phase relationship determined by the phase control 
elements 51, 53, 55 and 57. 

Assume, for instance, that the Bragg grating 62 along 
section D re?ects the Wavelength X1 and that the Bragg 
grating 64 along section F re?ects the Wavelength 22. The 
phase control element 51 along section C Will then deter 
mine Which of the access Waveguides 21—23 Will be the 
output port for the Wavelength 21, While the phase control 
element 53 along section E Will determine Which of the 
access Waveguides 21—23 Will be the output port for the 
Wavelength 22. The same applies along section G, Which 
means that respective phase control element 55 along said 
section Will determine Which of the access Waveguides 
21—23 Will be the output port for the wavelength )»3 that has 
been re?ected by the Bragg grating 65 along section H. 

The phase relationship entering the MMI-Waveguide 20 in 
the reverse direction can thus be chosen individually for 
each Wavelength, i.e. Wavelength channels can be given an 
output independent of other Wavelength channels. Naturally, 
this presumes that, e.g., the phase control element 53 along 
section E can compensate for the phase control element 51 
along section C, and that the phase control element 55 along 
section G can compensate for the phase control elements 51 
and 53 along respective sections C and E. Generally, each 
phase control element shall be able to compensate for 
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upstream phase control elements in the transmission path of 
the channels along the same Michelson Waveguide. 

Naturally, the phase control element 51 along the support 
line C Will also in?uence the Wavelength channels 22 and 
23. This compensation, hoWever, can be readily controlled 
With softWare in accordance With theories that are Well 
knoWn to the person skilled in this art, and should not 
therefore need to be described in more detail here. If it is not 
desired to control said compensation With the aid of 
softWare, the phase control elements 51, 53, 55 and 57 can 
be eXtended successively from section C in a direction 
toWards section G in some suitable Way. 

The Wavelength channel or channels that has/have not 
been re?ected by a Bragg grating can be re?ected by the 
broadband re?ection grating 70 arranged at the end of the 
Michelson Waveguides 41, 42 and 43. The broadband re?ec 
tion gratings can conceivably be arranged at the beginning 
of the Michelson Waveguides 31, 32, 33, 41, 42 and 43. 
HoWever, the broadband re?ection sections must then have 
openings (WindoWs) for those channels that shall be handled 
by the Bragg grating sections. An eXample of one such 
broadband re?ection grating provided With openings is 
described in G. P. AgraWal and S. Radic, Phase-shifted Fiber 
Gratings and their Application for Wavelength 
DemultipleXing, IEEE Photon. Tech. Lett., Vol. 6(8), pp. 
995—997, 1994. 
The isolator 80 is used to isolate the drop channel from the 

add channel. The invention illustrated in FIG. 3 can, 
hoWever, function in the absence of an isolator 80. One type 
of isolator that can be used in the invention is described in 
Electronics Letters, Jun. 19, 1996, Vol. 22, No. 13, pp. 
711—713, “Single Mode optical Isolator at 1.3 pm using all 
?bre components”. 

FIG. 4 illustrates a further embodiment of an inventive, 
tuneable add/drop multiplexer. The support lines A—Q shoW 
sections that are used to describe the invention. This 
embodiment includes tWo MMI-Waveguides 10 and 20, 
three Michelson Waveguides 31, 32 and 33, siX access 
Waveguides 11, 12, 13, 21, 22 and 23, one connecting 
Waveguide 5, eighteen Bragg gratings 63, 65 and 67, and 
tWenty-one phase control elements 52, 54, 56 and 58. 
Fourteen phase control elements Will suf?ce in principle, 
since one Michelson Waveguide can manage Without phase 
control elements. 

Three access Waveguides 11, 12 and 13 are arranged on 
the ?rst side of the MMI-Waveguide 10 and three Michelson 
Waveguides 31, 32 and 33 are arranged on the opposite side 
of said MMI-Waveguide in relation to said access 
Waveguides. SiX Bragg gratings 63, 65 and 67 and seven 
phase control elements 52, 54, 56 and 58 are arranged on 
each of these Michelson Waveguides 41, 32 and 33. 

Three access Waveguides 21, 22 and 23 are arranged on 
the ?rst side of the MMI-Waveguide 20. The Michelson 
Waveguides 31, 32 and 33 including said Bragg gratings 63, 
65 and 67 and said phase control elements 52, 54, 56 and 58 
are arranged on said Michelson Waveguides 31, 32 and 33 on 
the opposite side of said MMI-Waveguide 20 in relation to 
said access Waveguides. 
The access Waveguide 13 arranged on the ?rst side of the 

?rst MMI-Waveguide 10 is coupled to the access Waveguide 
23 on the ?rst side of the second MMI-Waveguide via a 
connecting Waveguide 5. 

In the FIG. 4 embodiment, the Bragg grating sections D, 
F and H and the phase control sections C, E and G are mirror 
images around section I of the Bragg grating sections N, L 
and J and the phase control sections O, M and K. It is also 
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conceivable that the phase control sections and Bragg grat 
ing sections respectively are not in the same order as seen 
from the tWo MMI-Waveguides up to the phase control 
section I, ie when the Bragg grating section C re?ects a 
Wavelength k1, the Bragg grating section N, for instance, 
can re?ect either the wavelength )»2 or the Wavelength k3. If 
the Bragg grating section F re?ects a Wavelength k2, the 
Bragg grating section L can re?ect a Wavelength X1 or k3, 
and When the Bragg grating section H re?ects a Wavelength 
k3, the Bragg grating section J can re?ect a Wavelength X1 
or k2. 

Assume that a Wavelength channel is sent into the access 
Waveguide 11 on the MMI-Waveguide 10. This Wavelength 
channel passes through the MMI-Waveguide 10. The length 
and the structure of the MMI-Waveguide 10 are chosen so 
that N-number of images of the light intensity from the 
access Waveguide 11 at section A Will be obtained in the 
MMI-Waveguide 10 along section B. We assume in this case 
that the length and the structure have been chosen so as to 
obtain three images. If the access Waveguides 11, 12 and 13 
have been correctly arranged at the MMI-Waveguide 10, ie 
have been correctly dimensioned and positioned, and if the 
cross-sectional dimensions and positions of the Michelson 
Waveguides 31, 32 and 33 have been chosen correctly, a 
large part of the energy in the images Will be coupled to the 
Michelson Waveguides 31, 32 and 33. The maximum energy 
for these images is <1/N of the energy along sectionAWhen 
perfect uniformity is obtained, in this case thus <1/3 of the 
energy along section A. Deviation in this intensity distribu 
tion Will be very small When light is excited instead from one 
of the access Waveguides 12 or 13 along section A. 

Sections along support lines D, F, H, J, L and N denote 
Bragg grating sections. The Bragg gratings along respective 
support lines may be mutually identical, in Which case the 
grating sections Will re?ect respective Wavelengths along 
respective support lines for each of the Michelson 
Waveguides 31, 32 and 33. Wavelengths that arrive from the 
MMI-Waveguide 10 and are re?ected by the Bragg gratings 
63, 65 and 67 along respective sections D, F and H return to 
the MMI-Waveguide 10 With the phase relationship deter 
mined by the phase control elements 52, 54 and 56 along 
respective sections C, E and G. The Wavelengths arriving 
from the MMI-Waveguide 20 and re?ected by the Bragg 
gratings 63, 65 and 67 along respective sections N, L and J 
return to the MMI-Waveguide 20 With the phase relationship 
determined by the phase control elements 52, 54 and 56 
along respective section O, M and K. Transmitting Wave 
lengths that are not re?ected by Bragg gratings 63, 65 or 67 
are controlled by the phase control element 58 along section 
I in respect of Wavelengths that arrive both from the MMI 
Waveguide 10 and the MMI-Waveguide 20. 

Assume, for instance, that the Bragg gratings along sec 
tions D and N re?ect the Wavelength X1 and that the Bragg 
gratings along sections F and L re?ect the Wavelength k2. 
The phase control element 52 along respective sections C 
and O Will then determine Which of the Waveguides 11—13 
and 21—23 respectively Will be the output port for the 
Wavelength k1, While the phase control elements 54 along 
respective sections E and M Will determine Which of the 
access Waveguides 11—13 and 21—23 respectively Will be the 
output port for the Wavelength k2. The same applies along 
sections G and K, i.e. respective phase control elements 56 
along said sections Will determine Which of the respective 
Waveguides 11—13 and 21—23 Will be the output port for the 
wavelength )»3 that has been re?ected by the Bragg gratings 
along sections H and J. 

The phase relationship entering the MMI-Waveguides 10 
and 20 in the reverse direction can thus be chosen individu 
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16 
ally for each Wavelength, ie each Wavelength channel can 
be given an output independent of other Wavelength chan 
nels. This presumes, of course, that, e.g., the phase control 
element 54 along respective sections E and M can compen 
sate for the phase control element 52 along respective 
sections C and O, and that the phase control element 56 
along respective sections G and K can compensate for the 
phase control elements 52 and 54 along sections C and E and 
along sections O and M respectively. Generally, each phase 
control element shall be able to compensate for upstream 
phase control elements in the transmission paths of the 
channels along the same Michelson Waveguide. 

Naturally, the phase control element 52 along respective 
support lines C and O Will also in?uence the Wavelength 
channels )»2 and k3. This compensation, hoWever, can be 
readily controlled With softWare in accordance With theories 
Well knoWn to the person skilled in this art and should not 
therefore need to be described in more detail here. If it is not 
desired to control said compensation With softWare, the 
phase control elements 52, 54 and 56 can be extended from 
section C in a direction toWards section A and from section 
O in a direction toWards section K respectively, in some 
suitable manner. 

FIG. 4 illustrates the principle in Which Q+Y Wavelength 
channels are handled by tWo 3x3 and MMI-Waveguides. Q 
channels can be dropped and/or added separately to a 
channel stream on Q+Y channels. The number of channels 
Q+Y is restricted solely by the bandWidth of the MMI 
Waveguides 10 and 20. The number of channels Q is 
restricted by the number of Bragg gratings 63, 64 and 67 and 
phase control sections 52, 54 and 56. The non-re?ected 
Wavelength channels Y are transmitted from the access 
Waveguide 11 through the MMIMZI structure and controlled 
to the access Waveguide 21 With the phase control section I 
betWeen the mutually identical re?ection sections D—H and 
N—J respectively. Three Wavelength channels can be handled 
individually in the illustrated embodiment. 
The Wavelength channel or channels that has/have not 

been dropped to the access Waveguide 12, is/are transmitted 
through said connecting Waveguide 5 to the second MMI 
Waveguide 20. These Wavelength channels pass through the 
MMI-Waveguide 20. The length and the structure of the 
MMI-Waveguide are chosen so that N-number of images of 
light intensity from the access Waveguide 23 at section Q 
Will be obtained in the MMI-Waveguide along section P. We 
assume in this case that the length and the structure is chosen 
so that three images are obtained. If the access Waveguides 
21, 22 and 23 have been arranged correctly at the MMI 
Waveguide 20, ie have been correctly positioned, and if the 
cross-sectional dimensions and positions of the Michelson 
Waveguides 31, 32 and 33 have been correctly chosen, a 
large part of the energy in the images Will be coupled to the 
Michelson Waveguides 31, 32 and 33. The maximum energy 
for these images is <1/N of the energy along section K When 
perfect uniformity is achieved, in this case thus <1/3 of the 
energy along section K. Deviation of this intensity distribu 
tion Will be very small When light is excited instead from one 
of the access Waveguides 21 or 22 along section Q. 

Sections along support lines N, L and J denote Bragg 
grating sections. The Bragg gratings along respective sup 
port lines may be mutually identical, in Which case the 
grating sections Will re?ect respective Wavelengths along 
respective support lines for each of the Michelson 
Waveguides 31, 32 and 33. Re?ected Wavelengths return to 
the MMI-Waveguide 20 With the phase relationship deter 
mined by the phase control elements 52, 54 and 56. 
Assume, for instance, that the Bragg gratings along sec 

tion J re?ect the Wavelength k3, and that the Bragg gratings 






















